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PRELIMINARY AMENDMENT 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 

Prior to examination on the merits, please amend the above-captioned patent application 
as follows: 

IN THE SPECIFICATION : 

Please amend the specification as follows: 

On page 1 following the Title of the Invention, please insert the following paragraph: 
Cross-Reference to Related Applications 

This application is the U.S. National Phase under 35 U.S.C. § 371 of International 
Application No. PCT/EPOO/03588, which was published in German and claims priority to 
German patent application number 19918446.1, filed April 23, 1999. This German patent 
application is herein incorporated by reference. 
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On page 1, line 3, before the paragraph beginning "The present invention...", please 
insert the following heading: 

Field of the Invention 

On page 1, line 7, before the paragraph beginning "Coxsackie viruses belong...", please 
insert the following heading: 

Background of the Invention 

On page 6, line 4, before the paragraph beginning "In view of the above. ..", please insert 
the following heading: 

Summary of the Invention 

On page 7, line 18, before the paragraph beginning "The inventors of the present 
invention. . .", please insert the following heading: 

Detailed Description of the Invention 

On page 28, line 1, please omit the heading, "Claims", and replace it with the following 
heading: 

What is claimed is: 

IN THE ABSTRACT: 

Please insert the Abstract attached hereto, following the pages entitled VERSION WITH 
MARKINGS TO SHOW CHANGES MADE, as page 33 of the application as filed. 

IN THE CLAIMS: 

Please cancel Claims 11 and 12* 

Please amend the claims as follows: 

1 . Non-infectious particles derived from the Coxsackie virus, which are suitable to 
act endosomolytically within cells transfected with said particles. 

2. Non-infectious particles derived from the Coxsackie virus, which are suitable to 
enhance endocytosis within cells transfected with said particles. 
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3. The non-infectious particles of Claim 1, selected from the group consisting of: 

a) empty CV capsid particles and CVB capsid particles; 

b) CV particles and CVB-A particles, generated by cleaving off virus protein 4 

(VP4); 

c) CV particles and CVB provirus particles, in which the virus proteins 2 (VP2) 
and 4 (VP4) are still fused; 

d) modified forms of particles from a), b), and c); and 

e) CV particles, CVB particles,] and CVB 3 particles, that are replication- 
incompetent by genetic modification. 

4. The non-infectious particles of claim 1, wherein said particles comprise peptides 
which are less than 30 amino acids and are selected from group consisting of: 

a) Peptides with the amino acid sequences SEQ ID No. 1, SEQ ID No. 2, SEQ ID 
No. 3, SEQ ID No. 4, SEQ ID No. 5, SEQ ID No. 6, SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 
9, and SEQ ID No. 10; and 

b) Peptides which in comparison with peptides from a) contain an amino acid 
deletion or substitution. 

5. A method for generating the particle of claim 3, comprising the steps of: 

- Isolating native Coxsackie virus particles; 

- Heating the isolated Coxsackie virus particles for 5-20 min to over 45°C. 

6. A method for generating the particle of claim 3, comprising the steps of: 

- Providing a matrix of coupled Coxsackie virus receptor; 

- Loading the matrix with native Coxsackie virus particles; and 

- Eluting the matrix. 

7. A method for transfection of cells with a polyanionwherein at least one particle of 
claim 1 is used in order to enhance transfection. 

8. The method of claim 7, wherein prior to transfection a complex comprising said 
polyanion, peptide and cationic lipid is formed. 

9. A method for formulating complexes for the transfer of a polyanion into cells in 
which method the polyanion is incubated with at least one particle of claim 1. 

10. The method of claim 9, wherein the peptide is pre-incubated with a cationic lipid 
prior to the incubation with said polyanion. 
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13. A replicable expression vector comprising a gene sequence encoding a particle 
according to claim 1 in an expressible manner. 

14. A DNA isolate comprising a DNA sequence encoding a particle according to 

claim 1 . 

15. A kit for formulating transfectable complexes comprising at least one particle 
according to claim 1 . 

16. A therapeutic composition, comprising at least one particle according to claim 1. 

17. A vector plasmid, comprising at least one DNA sequence encoding a genetically 
modified CV genome, in which parts of the coding sequence are exchanged or modified, so that 
the virus genome is not infectious, and comprising a promoter upstream of said DNA sequence. 

18. A helper construct for complementing the parts of the coding sequence of said 
virus genome that have been modified or exchanged in the vector plasmid of claim 17. 

19. The helper construct of claim 18, comprising a helper plasmid encoding at least 
one of said exchanged or modified parts in a translatable manner. 

20. The helper construct of claim 18, comprising a viral vector encoding at least one 
of said exchanged or modified parts in a translatable manner. 

21. A helper cell comprising helper DNA encoding at least one of said exchanged or 
modified parts according to Claim 17. 

22. A method for generating a CV particle that is replication-incompetent by genetic 
modification, comprising the steps of: 

- Transfecting host cells with the vector plasmid of claim 17; and 

- Complementing said exchanged or modified parts in the host cell with a helper 

construct. 

23. The method of claim 22, wherein said host cell is the helper cell of claim 21. 

Please add the following claims: 

24. The non-infectious particles of Claim 2, selected from the group consisting of: 

a) empty CV capsid particles and CVB capsid particles; 

b) CV particles and CVB-A particles, generated by cleaving off virus protein 4 

(VP4); 



-4- 



Appl. No. : Unknown 

Filed : Herewith 

c) CV particles and CVB provirus particles, in which the virus proteins 2 (VP2) 
and 4 (VP4) are still fused; 

d) modified forms of particles from a), b), or c); and 

e) CV particles, CVB particles, and CVB 3 particles, that are replication- 
incompetent by genetic modification. 

25. The non-infectious particles of claim 1, wherein said particles comprise peptides 
which are less than 30 amino acids and are selected from group consisting of: 

a) Peptides with the amino acid sequences SEQ ID No. 1, SEQ ID No. 2, SEQ ID 
No. 3, SEQ ID No. 4, SEQ ID No. 5, SEQ ID No. 6, SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 
9, and SEQ ID No. 10; and 

b) Peptides which in comparison with peptides from a) contain an amino acid 
deletion or substitution. 

26. A method for generating the particle of claim 24, comprising the steps of: 

- Isolating native Coxsackie virus particles; 

- Heating the isolated Coxsackie virus particles for 5-20 min to over 45°C 

27. A method for generating the particle of claim 24, comprising the steps of: 

- Providing a matrix of coupled Coxsackie virus receptor; 
-Loading the matrix with native Coxsackie virus particles; and 

- Eluting the matrix. 

28. A method for therapy, diagnostics or prophylaxis of cardiovascular diseases, 
comprising the step of transfection of cells involved in said diseases, and wherein said 
transfection step comprises transfecting said cells with at least one particle of Claim 1. 

29. An agent for improving transfection of cells, comprising at least one particle of 
Claim 1. 

30. The method according to claim 5, wherein said Coxsackie virus particles are 
heated for approximately 10 min to over 45°C. 

31. A method according to claim 5, wherein said Coxsackie virus particles are heated 
to approximately 51 °C. 

32. The method according to claim 7 wherein said cells are cardiac myocytes. 

33. The method according to claim 7 wherein said polyanion is a therapeutic gene 
sequence. 
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34. The method according to claim 9 wherein said cells are cardiac myocytes. 

35. The method according to claim 9 wherein said polyanion is a therapeutic gene 
sequence. 

36. The method according to claim 26, wherein said Coxsackie virus particles are 
heated for approximately 10 min to over 45°C. 

37. A method according to claim 26, wherein said Coxsackie virus particles are 
heated to approximately 51 °C. 

38. A method for transfection of cells with a polyanion wherein at least one particle of 
claim 2 is used in order to enhance transfection. 

39. The method of claim 38, wherein prior to transfection a complex comprising said 
polyanion, peptide and cationic lipid is formed. 

40. A method for formulating complexes for the transfer of a polyanion into cells in 
which method the polyanion is incubated with at least one particle of claim 2. 

41. The method of claim 40, wherein the peptide is pre-incubated with a cationic lipid 
prior to the incubation with said polyanion. 

42. A method for therapy, diagnostics or prophylaxis of cardiovascular diseases, 
comprising the step of transfection of cells involved in said diseases, and wherein said 
transfection step comprises transfecting said cells with at least one particle of Claim 2. 

43. An agent for improving transfection of cells, comprising at least one particle of 
Claim 2. 

44. A replicable expression vector comprising a gene sequence encoding a particle 
according to Claim 2 in an expressible manner. 

45. A DNA isolate comprising a DNA sequence encoding a particle according to 
claim 2. 

46. A kit for formulating transferable complexes comprising at least one particle 
according to Claim 2. 

47. A therapeutic composition, comprising at least one particle according to Claim 2. 

REMARKS 

Claims 1-10 and 13-23 were amended, Claims 11-12 were cancelled, and Claims 24-47 
were added to more clearly claim the invention and place them in accordance with conventional 
practices of the United States Patent and Trademark Office. No new matter has been added. 
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Changes to the claims can be seen on separate pages entitled VERSION WITH MARKINGS TO 
SHOW CHANGES MADE following the signature page. Deletions are in [bold and brackets], 
and insertions are underlined . 



Should any questions exist which would delay prosecution of the application filed 
herewith, the Examiner is respectfully invited to contact the under-signed attorney at the 
telephone number below. 

Please charge any additional fees, including any fees for additional extension of time, or 
credit overpayment to Deposit Account No. 11-1410. 



Conclusion 



Respectfully submitted, 



KNOBBE, MARTENS, OLSON & BEAR, LLP 




Mark RT Benedict 
Registration No. 44,531 
Attorney of Record 
620 Newport Center Drive 
Sixteenth Floor 
Newport Beach, CA 92660 
(949) 721-6323 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 
Deletions are in [bold and brackets], and insertions are underlined . 

IN THE SPECIFICATION : 

Please amend the specification as follows: 

On page 1 following the Title of the Invention, please insert the following paragraph: 
Cross-Reference to Related Applications 

This application is the U.S. National Phase under 35 U.S.C. § 371 of International 
A pplication No. PCT/EP00/03588, which was published in German and claims priority to 
German patent application number 1 991 8446. K filed April 23, 1999. This German patent 
application is herein incorporated by reference. 

On page 1, line 3, before the paragraph beginning "The present invention...", please 
insert the following heading: 

Field of the Invention 

On page 1, line 7, before the paragraph beginning "Coxsackie viruses belong...", please 
insert the following heading: 

Background of the Invention 
On page 6, line 4, before the paragraph beginning "In view of the above. please insert 
the following heading: 

Summary of the Invention 
On page 7, line 18, before the paragraph beginning "The inventors of the present 
invention. . .", please insert the following heading: 

Detailed Description of the Invention 
On page 28, line 1, please omit the heading, "Claims", and replace it with the following 
heading: 

What is claimed is: 
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IN THE CLAIMS: 

Please cancel Claims 11 and 12. 

Please amend the claims as follows: 

1. Non-infectious particles[ or peptides] derived from the Coxsackie virus[, 
preferably derived from CVB, more preferably derived from CVB3], which are suitable to 
act endosomolytically within [the scope of a transfection of 1 cells transfected with said 
particles . 

2. Non-infectious particles[ or peptides] derived from the Coxsackie virus[, 
preferably derived from CVB, more preferably derived from CVB3], which are suitable to 
enhance endocytosis within [the scope of a transfection of Jcells transfected with said particles . 

3. The non-infectious p [ PI articles of Claim 1[ or 2], selected from the group 
consisting of : 

a) empty CV capsid particles and L preferably] CVB capsid particles; 

b) CV particles and f, preferably] CVB-A particles, generated by cleaving off 
virus protein 4 (VP4); 

c) CV particles and [, preferably] CVB provirus particles, in which the virus 
proteins 2 (VP2) and 4 (VP4) are still fused; 

d) modified forms of particles from a), b), [or l and c); and 

e) CV particles, [preferably] CVB particles,! more preferably] and CVB 3 
particles, that are replication-incompetent by genetic modification. 

4. The non-infectious particles [A peptide] of claim[s] 1[ or 2, preferably 
comprising! , wherein said particles comprise peptides which are less than 30 amino acids and 
are [being] selected from group consisting of : 

a) Peptides with the amino acid sequences SEQ ID No. 1, SEQ ID No. 2, SEQ ID 
No. 3, SEQ ID No. 4, SEQ ID No. 5, SEQ ID No. 6, SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 
9, and SEP ID No. 10[ from the sequence listing]; and 

b) Peptides[, in ]which in comparison with peptides from a) contain an amino acid 
deletion or substitution [one or more of the amino acids are missing or exchanged against 
another; and 

c) Peptides or polypeptides which comprise the amino acid sequence of one of 
the peptides from a) or b)]. 
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5. A method for generating [a] the particle of claim 3, comprising the steps_of: 

- Isolating native Coxsackie virus particles; 

- Heating the isolated Coxsackie virus particles for 5-20 min[, preferably 
approximately 10 min] to over 45°C[, preferably approximately 51 °C]. 

6. A method for generating [a]the particle of claim 3, comprising the steps of: 

- Providing a matrix of coupled Coxsackie virus receptor; 

- Loading the matrix with native Coxsackie virus particles; and 

- Eluting the matrix. 

7. A method for transfection of cells[, preferably of cardiac myocytes,] with a 
polyanion[, preferably a therapeutic gene sequence, in which methodl wherein at least one 
particle [or peptide] of [any of] claim[s] 1 [through 4] is used in order to enhance transfection. 

8. The method of claim 7, [characterized in thatl wherein prior to transfection a 
complex comprising said polyanion, peptide and cationic lipid[, preferably DOTMA,] is 
formed. 

9. A method for formulating complexes for the transfer of a polyanion[, preferably 
a therapeutic gene sequence,] into cells [, preferably into cardiac myocytes,] in which method 
the polyanion is incubated with at least one particle[ or peptide of one] of claim[s] 1[ through 
4]. 

10. The method of claim 9, [characterized in that] wherein the peptide is pre- 
incubated with a cationic lipid [, preferably with DOTMA,] prior to the incubation with said 
polyanion. 

13. A replicable expression vector comprising a gene sequence encoding! a peptide 
or] a particle according to [any of ]claim[s] 1 [ through 4] in an expressible manner. 

14. A DNA isolate comprising a DNA sequence encoding a particle[ or a peptide] 
according to [any of ]claim[s] 1[ through 4]. 

15. A kit for formulating transfectable complexes!, * n particular for gene therapy,] 
comprising at least one particle[ or one peptide] according to [any of ]claim[s] 1[ through 4]. 

16. A therapeutic composition, comprising at least one particle[ or a peptide] 
according to[ any of] claim[s] 1[ through 4]. 

17. A vector plasmid, comprising at least one DNA sequence encoding a genetically 
modified CV genome[, preferably a CVB genome, more preferably a CVB3 genome], in 

-10- 
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which parts of the coding sequence are exchanged or modified, so that the virus genome is not 
infectious, and comprising a promoter upstream of said DNA sequence. 

18. A helper construct for complementing the parts of the coding sequence of said 
virus genome that have been modified or exchanged in the vector plasmid of claim 17. 

19. The helper construct of claim 18, comprising fcharacterized in that it has] a 
helper plasmid encoding at least one of said exchanged or modified parts in a translatable 
manner. 

20. The helper construct of claim 18, comprising fcharacterized in that it is] a viral 
vector encoding at least one of said exchanged or modified parts in a translatable manner. 

21. [The helper construct of claim 18, characterized in that it is a]A helper cell 
comprising [that is stably transfected with] helper DNA encoding at least one of said 
exchanged or modified parts according to Claim 17 . 

22. A method for generating a CV particle fsaid particle of claim 3e) ]that is 
replication-incompetent by genetic modification, comprising the steps_of: 

- Transfecting host cells with the vector plasmid of claim 17; and 

- Complementing said exchanged or modified parts in the host cell with a fby the 
]helper construct! according to any of claims 18 through 20]. 

23. The method of claim 22, [characterized in thatl wherein said host cell is the 
helper cell of claim 21. 



IN THE ABSTRACT: 

Please insert the Abstract attached hereto as page 33 of the application as filed. 
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33 
Abstract 

The present invention is related to the use of Coxsackie viruses (CV) for improving 
transfection of cells. 
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SEQUENCE SUBMISSION STATEMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 

A copy of the Sequence Listing in computer readable form as required by 37 C.F.R. 
§ 1.821(e) is submitted herewith. 

As required by 37 C.F.R. § 1.821(f), I hereby declare that the information recorded on the 
enclosed disk is identical to the printed Sequence Listing in the application filed herewith. 

Respectfully submitted, 

KNOBBE, MARTENS, OLSON & BEAR, LLP 



Dated: 




By: 



Marie R. Benedict 
Registration No. 44,531 
Attorney of Record 
620 Newport Center Drive 
Sixteenth Floor 
Newport Beach, CA 92660 
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4 <110> APPLICANT: Kupper, Jan-Heiner 

5 Kandolf, Reinhard 

6 Selinka, Hans -Christoph 

7 Eberhard-Karls-Universitat Tubingen Universitatsklinikum 

9 <120> TITLE OF INVENTION: USE OF COXSACKIE VIRUSES FOR IMPROVING 
10 TRANSFECTION OF CELLS 

12 <130> FILE REFERENCE: WWELL53 . 001APC 

14 <140> CURRENT APPLICATION NUMBER: US/10/009,04 0 

15 <141> CURRENT FILING DATE: 2001-10-23 

17 <150> PRIOR APPLICATION NUMBER: PCT/EP0 0/0 3 5 8 8 

18 <151> PRIOR FILING DATE: 2000-04-20 

20 <150> PRIOR APPLICATION NUMBER: DE 19918446.1 

21 <151> PRIOR FILING DATE: 1999-04-23 
23 <160> NUMBER OF SEQ ID NOS : 10 

25 <170> SOFTWARE: FastSEQ for Windows Version 4.0 

27 <210> SEQ ID NO: 1 

28 <211> LENGTH: 16 

29 <212> TYPE: PRT 

30 <213> ORGANISM: Coxsackie Virus B 
3 2 <4 00> SEQUENCE: 1 

3 3 Arg Val Val Tyr Asn Ala Gly Met Gly Val Gly Asn Leu Thr lie Phe 
34 1 5 10 15 

37 <210> SEQ ID NO: 2 

38 <211> LENGTH: 17 

39 <212> TYPE: PRT 

40 <213> ORGANISM: Coxsackie Virus B 
42 <400> SEQUENCE: 2 

4 3 Leu Pro Thr Met Asn Thr Pro Gly Ser Cys Gin Phe Leu Thr Ser Asp 
44 1 5 10 15 

4 5 Asp 

49 <210> SEQ ID NO: 3 

50 <211> LENGTH: 14 

51 <212> TYPE: PRT 

52 <213> ORGANISM: Coxsackie Virus B 

54 <400> SEQUENCE: 3 

55 Lys Leu Thr Phe Met Phe Cys Gly Ser Ala Met Ala Thr Gly 

56 1 5 10 

59 <210> SEQ ID NO: 4 

60 <211> LENGTH: 14 

61 <212> TYPE: PRT 

62 <213> ORGANISM: Coxsackie Virus B 
64 <400> SEQUENCE: 4 

6 5 Leu Thr Phe Met Phe Cys Gly Ser Ala Met Ala Thr Gly Lys 
66 1 5 10 

69 <210> SEQ ID NO: 5 

70 <211> LENGTH: 14 

71 <212> TYPE: PRT 
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72 
74 
75 
76 



<213> ORGANISM: Coxsackie Virus B 

<400> SEQUENCE: 5 

Lys Phe Leu Leu Ala Tyr Ser Pro Pro Gly Ala Gly Ala Pro 

1 5 10 



79 <210> SEQ ID NO: 6 

80 <211> LENGTH: 18 

81 <212> TYPE: PRT 

82 <213> ORGANISM: Coxsackie Virus B 

84 <400> SEQUENCE: 6 

85 Phe Leu Leu Ala Tyr Ser Pro Pro Gly Ala Gly Ala Pro Thr Lys Arg 

86 1 5 10 15 

87 Val Asp 

91 <210> SEQ ID NO: 7 

92 <211> LENGTH: 20 

93 <212> TYPE: PRT 

94 <213> ORGANISM: Coxsackie Virus B 

96 <400> SEQUENCE: 7 

97 lie Leu Thr His Gin He Met Tyr Val Pro Pro Gly Gly Pro Val Pro 

98 1 5 10 15 

99 Asp Lys Val Asp 

100 20 

103 <210> SEQ ID NO: 8 

104 <211> LENGTH: 18 

105 <212> TYPE: PRT 

106 <213> ORGANISM: Coxsackie Virus B 

108 <400> SEQUENCE: 8 

109 Asp Lys Val Asp Ser Tyr Val Trp Gin Thr Ser Thr Asn Pro Ser Val 

110 15 10 15 

111 Phe Trp 

115 <210> SEQ ID NO: 9 

116 <211> LENGTH: 17 

117 <212> TYPE: PRT 

118 <213> ORGANISM: Coxsackie Virus B 

120 <400> SEQUENCE: 9 

121 Val Tyr Gly He Asn Thr Leu Asn Asn Met Gly Thr Leu Tyr Ala Arg 

122 15 10 15 

123 His 

127 <210> SEQ ID NO: 10 

128 <211> LENGTH: 18 

129 <212> TYPE: PRT 

130 <213> ORGANISM: Coxsackie Virus B 

132 <400> SEQUENCE: 10 

133 Tyr Gly Val Trp Arg Asp Tyr Leu Lys Asp Ser Glu Ala Thr Ala Glu 

134 15 10 15 

135 Asp Gin 
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<110> Kupper, Jan-Heiner 
Kandolf , Reinhard 
Selinka, Hans -Christoph 

Eberhard-Karls-Universitat Tubingen Universitatsklinikum 



<12 0> USE OF COXSACKIE VIRUSES FOR IMPROVING 
TRANS FECTION OF CELLS 



<130> WWELL53 . 001APC 

<14 0> Unknown 
<141> 2001-10-23 

<150> PCT/EP00/03588 
<151> 2000-04-20 

<150> DE 19918446.1 
<151> 1999-04-23 



<160> 10 



<170> FastSEQ for Windows Version 4.0 



<210> 1 
<211> 16 
<212> PRT 

<213> Coxsackie Virus B 
<400> 1 

Arg Val Val Tyr Asn Ala Gly Met 
1 5 



Gly Val Gly Asn Leu Thr He Phe 
10 15 



<210> 2 
<211> 17 
<212> PRT 

<213> Coxsackie Virus B 



<400> 2 

Leu Pro Thr Met Asn Thr Pro Gly 

1 5 
Asp 



Ser Cys Gin Phe Leu Thr Ser Asp 
10 15 



<210> 3 
<211> 14 
<212> PRT 

<213> Coxsackie Virus B 
<400> 3 

Lys Leu Thr Phe Met Phe Cys Gly Ser Ala Met Ala Thr Gly 



- 1 - 
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<210> 4 
<211> 14 
<212> PRT 

<213> Coxsackie Virus B 
<400> 4 

Leu Thr Phe Met Phe Cys Gly Ser Ala Met Ala Thr Gly Lys 
15 10 



<210> 5 
<211> 14 
<212> PRT 

<213> Coxsackie Virus B 
<400> 5 

Lys Phe Leu Leu Ala Tyr Ser Pro Pro Gly Ala Gly Ala Pro 
15 10 



<210> 6 
<211> 18 
<212> PRT 

<213> Coxsackie Virus B 
<400> 6 

Phe Leu Leu Ala Tyr Ser Pro Pro Gly Ala Gly Ala Pro Thr Lys Arg 

15 10 15 

Val Asp 



<210> 7 
<211> 20 
<212> PRT 

<213> Coxsackie Virus B 
<400> 7 

lie Leu Thr His Gin lie Met Tyr Val Pro Pro Gly Gly Pro Val Pro 

15 10 15 

Asp Lys Val Asp 
20 



<210> 8 
<211> 18 
<212> PRT 

<213> Coxsackie Virus B 



<400> 8 

Asp Lys Val Asp Ser Tyr Val Trp Gin Thr Ser Thr Asn Pro Ser Val 
15 10 15 



- 2 - 
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Phe Trp 



<210> 9 
<211> 17 
<212> PRT 

<213> Coxsackie Virus B 



<400> 9 

Val Tyr Gly He Asn Thr Leu Asn Asn Met Gly Thr Leu Tyr Ala Arg 

1 5 10 15 

His 



<210> 10 
<211> 18 
<212> PRT 

<213> Coxsackie Virus B 
<400> 10 

Tvr Gly Val Trp Arg Asp Tyr Leu Lys Asp Ser Glu Ala Thr Ala Glu 

i 5 10 15 

Asp Gin 



- 3 - 
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Transfection of Cells 



The present invention is generally related to the use of Cox- 
sackie viruses (in the following: CV) for improving transfec- 
tion of cells, 

Coxsackie viruses belong to the family of Picornaviridae and 

are classified in subgroup A comprising serotypes 1-22 and 24 
and subgroup B comprising serotypes 1-6. While it is generally 
referred to Coxsackie viruses in the scope of the invention, 
the invention is particularly related to Coxsackie viruses of 
subgroup B, preferably o'f serotype B3 - 
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In the scope of the present application, transfection does not 
only implicate introducing DNA or RNA into cells , but also in- 
troducing peptides into cells. The transfection can, thus, be 
used for therapeutic , diagnostic or prophylactic purposes, in 
particular for gene therapy . 

The present invention gives particular attention to diagnosis , 
treatment and prevention of cardiac diseases which become more 
and more important in particular in industrial nations- As dif- 
ferent genes have already been identified for cardiac diseases 
and it is generally expected that a plurality of pathological 
genes that may cause cardiac diseases will be identified in the 
years to come, development of cardiac-muscle-specif ic gene 
transfer systems for selective modulation of endogenous gene 
activity of cardiac myocytes for the future treatment of a plu- 
rality of congenital and acquired cardiac muscle diseases is of 
high clinical importance. Ideal vector systems for controlled 
modulation of endogenous gene activities of cardiac myocytes 
are, however, not available by now. 

it is true that for the transfection of target cells of the 
cardiovascular system, different techniques have already been 
described, but all these show specific disadvantages. In pre- 
clinical studies for somatic gene therapy of cardiovascular 
diseases, in particular replication defect recombinant adeno 
viruses were tried, by means of which a sufficient transfection 
efficiency is obtained (Barr et al., Gene Therapy 1, 1994, 51). 
in contrast to recombinant adeno viruses , application of 
retroviral constructs (Nabel EG et al., Science 249, 1990, 
1285) and of lipid/DNA/complexes (Uabel EG et al. Science 244, 
1989, 1342) is limited by low transfection efficiency of gene 
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transfer- in spite of the advantages of the adeno virus medi- 
ated gene transfer with reference to high gene expression, the 
disadvantages of this method are the complementation of repli- 
cation inactive constructs, as known from literature, the mul- 
tiorganotrophism of adeno viruses and the possible induction of 
a T-cell mediated immune response. 

Feigner @t al,, PNAS, vol* 84, pages 7413-7417, 1987, describe 
a transfection of DNA, called lipofection, into cell culture 
cells, in which a liposome formulation of the cationic lipid N- 
[ 1- ( 2 , 3-dioleyloxy ) propyl ] -n , n, n-trimethylammoniuiuchloride ( DOTMA) 
and Dioleoyl-phosphotidylethanolamine (PtdEtn) is used. The DNA 
to be transfected interacts spontaneously with the liposome 
formulation, and lipid-DNA-complexes are formed. The fusion of 
the complex with cell culture cells results in an efficient up- 
take and expression of the DNA. 

This liposome formulation having the trade name LIPOFECTIN® is 
merchandised by GIBCO/BRL. The production information supplied 
therewith, in which PtdEtn is designated as DOPE, discloses de- 
tailed instructions for carrying out the lipofection. 

Meanwhile, lipofection is an accepted method to introduce re- 
combinant DNA into cells and to express same in the cells • 
Since lipofection is superior to viral vector systems for what 
concerns safety, it is increasingly attempted to use this tech- 
nique also for gene therapy of metabolism or tumor diseases* 
Efficiency,, however , is low in most of the applications, in 
particular for primary cultures or in-vivo-applications the 
known liposome systems are not well suitable up to now. 



, VON : +49 711 6566993 ON : KNOBBE " 2001,10-17 14:14 #948 P . 06 



4 



A further attempt, starts from the idea that many viruses are 
taken up by cellular receptors, reach cytoplasmatic endosomes 
on the natural way and start their replication cycle from 
there, after breaking up of the endosomes- Cbtten et al., PNAS 
vol. 89, pages 6094-6098, 1992, make use of this endosomolytic 
effect and use replication incompetent adeno viruses as an en- 
dosomolytic agent together with transferrin as a ligand for the 
target cell receptors. 

Wagner et al., PNAS vol. 89, pages 7934-7938 show that peptide 
fragments of an influenza virus act endosomolytically . As a 
synthetic, virus-like gene transfer vehicle they use DNA com- 
plexes containing polylysine for packaging the DNA, polylysine- 
modified transferrin as a ligand for the cell surface receptors 
and poly ly sine-bound influenza peptide fragments as the endoso- 
molytic agent. 

The methods described comprise, on the one hand, great efforts 
and, thus, are not suitable for standard applications. Moreo- 
ver, for the last two methods described above, very large 
amounts of peptides are required, which is disadvantageous due 
to the high immunogenity for in-vivo-applications and is, 
moreover, also unsuitable for in-vitro-applications due to the 
expensive manufacturing. 

Kern et al. describe another approach in "Coxsackie virus-rein- 
forced endosomolytic Gene Transfer in contractile Cardiomyo- 
cytes" , Verh. Dtsch. Ges. Path, volume 81, page 611, 199 7. As- 
suming that the Coxsackie virus comprises a tropism towards the 
heart not understood up to now, they use during lipofection 
CVB3 particles, made replication incompetent by UV radiation. 
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for gene transfer in cardiomyocytes . CVB3 / a Coxsackie virus of 
subgroup B with serotype 3, is a picorna virus containing a 
single-stranded RNA-genome positive in polarity and a genome 
size of only 7,4 kb. In comparison, adeno viruses have a genome 
size of 48 kb. 

The method of generating replication incompetent CVB3 particles 
by UV radiation is, however r not safe enough. According to the 
finding of the inventors of the present application, it can 
namely not be excluded that some virus particles survive and 
then begin a productive infection in the target cells* 

Kandolf and Hof Schneider, PNAS, volume 82, pages 4818/4822, 
1985, describe a CVB3 variant with distinct tropism towards the 
heart. The complete nucleotide sequence of the cDNA of this in- 
fectious CVB3 variant is described in Klump et al., Journal of 
Virology, 19 90, pages 1573-1783- It is reported that the cDNA- 
derived virus comprises the same tropism and the same plaque 
morphology as the wild type. 

Kern et al. (loc* cit.) describe that the inactivated CVB3 im- 
parts a reinforcement of the transf ection mediated by the 
liposome formulation DOTAP (Bohringer). The maximum transfec- 
tion efficiency is reported for the use of 10 pfu (plaque form- 
ing units) of inactivated CVB3 per cell, it was up to 6 fold 
higher for the reporter gene P-galactosidase than for trangfec- 
tion of the reporter gene construct containing DOTAP only. 

Although it is known from the publication by Kern et al . that 
the CVB3 -reinforced DOTAP -mediated lipof ection leads to a 
faster escape of transfected DNA from the endosomes into the 
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cytosol, the efficiency described as well as the high use of 
CVB3 is not satisfying for immunological reasons. 

In view of the above, it is an object of the present invention 
to provide enhancement of the transfection efficiency of cells , 
wherein the method is to be cost-effective, safe and immu- 
nologically harmless at the same time. 

According to the invention, this object is achieved by non- 
infectious particles or peptides derived from the Coxsackie vi- 
rus, preferably derived from CVB, which are suitable to act en- 
dosomolytically or to enhance endocytosis, within the scope of 
transfection of cells. 

The particles are hereby selected from the group 

a) empty CV capsid particles, preferably CVB capsid parti- 
cles ; 

b) CV particles, preferably CVB-A particles formed by cleav- 
ing off virus protein 4; 

c) CV particles, preferably CVB provirus particles, in which 
the virus proteins 2 and 4 are still fused; 

d) modified forms of particles from a), b) or c)y and 

e) CV particles preferably CVB particles, more preferably 
CVB3 particles, that are replication-incompetent by ge- 
netic modification. 
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The peptide which comprises preferably less than 3 0 amino acids 
is hereby selected from the group: 

a) Peptides having the amino acid sequences SEQ ID No. 1 7 SEQ 
ID No, 2, SEQ ID No, 3, SEQ ID No, 4, SEQ ID No, 5, SEQ ID 
No. 6, SEQ ID No, 7, SEQ ID No. 8, SEQ ID No. 9, SEQ ID 
NO. 10 from the enclosed sequence listing; 

b) Peptides, in which in comparison with peptides from a) one 
or more of the amino acids are missing or exchanged 
against another; and 

c) Peptides or polypeptides which comprise the amino acid 
sequence of one of the peptides from a) or b) . 

The object underlying the invention is in that way completely 
achieved. 

The inventors of the present invention have recognized, namely, 
that particles or peptides derived from the CV, preferably CVB, 
more preferably from the CVB3, can be used for gene transfer, 
as they act endosomolytically and/or reinforce the endocytosis. 
On the one hand, the method o£ trans feet ion becomes very cheap 
by use of these particles, since very high yields are produced, 
a very simple purification is possible, and very small pep- 
tides/particles are used which contain a considerably lower 
number of immunogenous epitopes as adeno or influenza viruses . 
The inventors were able to show that optimal biological effects 
arise for much lesser peptide amounts than for adeno viruses, 
the higher biological effect, further, going together with a 
decrease of immunogenity . 
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Another advantage of the use of the particles is that these are 
in any case not infectious, wherein in many cases also the UV 
radiation for inactivation of the RNA can be omitted. 

In comparison to the use of inactivated CVB3 particles in 
lipofection as described by Kern et al. (loc. cit.)/ it was, 
first of all, unexpected that also the derived peptides and 
particles resulted in a reinforcement of the trans fection. It 
was even shown that the efficiency is higher than for inacti- 
vated CVB3 . 

According to the invention, a method for creating such a parti- 
cle comprises the steps of: 

isolating native CV particles, preferably CVB particles; 

Heating the isolated CV particles, preferably CVB parti- 
cles, for 5-20 min, preferably approximately for 10 min, 
to over 45 °C, preferably approximately to 51°C- 

Experiments performed in the laboratory of the inventors have 
shown that CV-A particles are created in a simple way by this 
method, in which the virus protein 4 was cleaved off. 

Alternatively, CV-A particles can also be created using the 
following method: 

- Providing a matrix of coupled CV receptor; 



Loading the matrix with native CVB 3 particles; and 
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Eluding the matrix - 

It is here made use of the fact that virus protein 4 is cleaved 
off after interaction of the CV with the cellular receptor , so 
that only the remaining CV~A particle is internalized which is 
not infectious and according to the finding of the inventors 
acts endosomolytically . 

In view of the above , the present invention relates further to 
a method for transfection of cells, preferably of cardiac myo- 
cytes, with a polyanion, preferably a therapeutic gene se- 
quence, in which method at lea&t one particle or peptide of the 
kind mentioned above is used in order to enhance the transfec- 
tion , wherein preferably prior to the transfection a complex 
comprising the polyanion, the peptide and a cationic lipid, 
preferably DOTMA, is formed - 

While the particles and peptides mentioned act generally en- 
dosoiuolytically, i,e. provide a high efficiency of the new 
method, there is a considerable advantage for lipofection of 
cardiac myocytes* The inventors have recognized, namely, that 
endosomolysis can comprise organo-specif ic aspects, so that the 
use of particles and peptides that are derived from CV, pref- 
erably from CVB3, is the method of choice for gene transfer at 
the heart muscle- it has turned out that other viruses are by 
far not as efficient, in particular, adeno viruses are not able 
to colonise this organ as efficiently as e.g. the cardiotrophic 
CVB3. 

The transfected polyanion can be a DNA, an RNA or a correspond- 
ingly charged protein with a therapeutic effect. 
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In view of the above , the invention relates further to a method 
for formulating complexes for the transfer of polyanions, pref- 
erably of a therapeutic gene sequence into cells, preferably 
into cardiac myocytes,- in which method the polyanion is incu- 
bated with at least one peptide or particle of the kind men- 
tioned above. 

In this connection, it is preferred if prior to the incubation 
with the polyanion the peptide is pre-incubated with a cationic 
lipid, preferably with DOTMA. 

This method can be carried out in a particularly efficient, in- 
expensive and simple manner, the individual agents are merely 
to be mixed with each other one after the other and to be incu- 
bated for a short time, whereby the desired complex is formed 
spontaneous ly „ 

Thus, such complexes are vehicles that can be manufactured in a 
simple and, thus, inexpensive way, are immunologically safe and 
are used for the transfer of diagnostically , therapeutically or 
prophylactically acting agents into cells in particular of the 
cardiovascular system. 

in view of the above, the present invention also relates to the 
use of a particle or a peptide of the kind mentioned above for 
therapy, diagnostics or prophylaxis of cardiovascular diseases, 
in particular of cardiomyopathies* 

Furthermore, the invention relates to the use of a particle or 
a peptide of the kind mentioned above as an agent for improving 
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the trans fection of cells, preferably of cardiac myocytes/ in 
particular for improving lipofection in gene therapy. 

The peptides and particles found cannot only be used in the 
scientific range or in individual preparation, rather, they are 
also suitable for the general use even in less specialized hos- 
pitals or in doctor's practices. 

In view of the above, the present invention also relates to a 
therapeutic composition comprising a peptide or a particle of 
the kind mentioned above, as well as a kit for formulating 
trans f ectable complexes, in particular for gene therapy, com- 
prising at least one particle or one peptide of the kind men- 
tioned above. 

Such therapeutic compositions and kits can comprise the parti- 
cles and/or peptides in stock solutions or already in final 
concentrations, wherein, moreover, the reagents further re- 
quired, such as the liposome formulation, may be available in 
the kit. 

The peptides and particles can be generated, on the one hand, 
enzymatically by digestion of virus particles and, on the other 
hand, by genetic engineering. 

In view of the above, the invention further relates to a repli- 
cable expression vector comprising a gene sequence encoding a 
peptide or a particle of the kind mentioned above in an ex- 
pressible manner. 
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Further, the invention relates 
DNA sequence encoding a peptide 
tioned above. 



to a DNA isolate comprising a 
or a particle of the kind men- 



In this way, it is possible to produce the peptides and parti- 
cles in large scale by microbiological methods or in-vitro- 
translation. 



If by genetic manipulation replication incompetent virus parti- 
cles are used, a very high safety is reached, since these par- 
ticles can only be replicated in a helper cell that provides 
the destroyed functions In trans. These particles can then also 
be used for lipofection without further inactivation by UV ra- 
diation or thermal treatment. 



Generating replication incompetent virus particles can be per- 
formed e.g. by deletion of coding genome sequences, preferably 
of the VP 2 and the VP 3 region which comprise the information 
for the replication relevant proteins. On the other hand, these 
replication relevant gene functions may also be destroyed by 
point mutations. The deleted sequences are replaced by other 
sequences, preferably non-coding sequences, in order to re-- 
establish the optimal genome size for packing. According to the 
invention, the deleted or mutated genome sequences are then 
supplied in helper cells* 



In view of the above, the present invention also relates to a 
vector plasmid having at least one DNA sequence encoding a ge- 
netically modified CV genome, preferably a CVB genome, more 
preferably a CVB 3 genome, in which parts of the coding sequence 
are exchanged or modified, so that the virus genome is not in- 
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fectious, and comprising a promoter upstream of said DNA se- 
quence. Further, the invention relates to a helper construct 
for complementing the parts of the coding sequence of the virus 
genome that have been modified or exchanged in the vector plas- 
mid. 

This helper construct can be a helper plasmid, a viral vector 
or a helper cell that is stably transfected with helper DHA en- 
coding at least one of the exchanged or modified sequences. 

For producing virus particles replication incompetent by ge- 
netic manipulation, host cells are transfected with the vector 
plasmid, wherein the exchanged or modified sequences in the 
host cell are complemented by the helper construct. 

In that manner, replication incompetent virus particles can be 
simply and reproducibly reliably created which act endosomo- 
lytically within the scope of transfection of cells or, respec- 
tively, reinforce endocytosis. 

Further features and advantages of the invention can be taken 
from the following description of preferred embodiments. 

Example 1: CVB3 crenome and CVB3 cDNA 

Coxsackie viruses are representations of the genus entero vi- 
ruses in the family of picorna viruses. Under natural condi- 
tions, Coxsackie viruses cause diseases merely in humans, how- 
ever, the initial isolation of Coxsackie viruses is managed 
best in new-born mice which also serve for differentiation of 
viruses into two groups: 
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Group A comprising 23 serotypes and group B comprising 6 sero- 
types . 

CVB, particularly CVB3, are considered to be frequent causative 
agents of viral heart muscle diseases which can appear both in 
this acute form and in chronic disease course. Myocarditis is 
often fatal for babies* 

Like all picorna viruses, Coxsackie viruses also have icosahe- 
dral nucleo capsides, which consist of four virus proteins VF1, 
VP2, VP3 and VP4 . While proteins VP1, VP2 and VP 3 form the 
outer coat, VP4 is located at the inner side of the particles 
and associated with the single-stranded RNA genome* The genome 
is infectious per se? if it is incorporated in a cell under 
suitable conditions, the purified RNA can already induce an in- 
fection, since it possesses positive-sense orientation, so that 
the virus proteins can be translated from RNA without an inter- 
mediate step. The 3" end of the genomic RNA is polyadenylated, 
a small, virus-encoded protein V pg is covalently bound to the 
5' end. 

A schematic example for the CVB3 genome is shown in Fig. 1. The 
genome comprises a single, open reading frame which encodes a 
precursor protein. Already during its synthesis, this polypro- 
tein is protelytically cleaved into the different viral compo- 
nents . 

in the indicated manner, capsid proteins VP 1— VP 4 already men- 
tioned emerge from the polyprotein from regions 1A through ID 
and Vpg emerges from region 3B. Regions 2A and 3C code for pro- 
teases which cleave the polyprotein. The proteins emerging from 
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regions 2b and 2C are in connection with the host specificity 
of the viruses. 

Region 3D codes for a DNA-dependent RNA-polymerase which per- 
forms the replication of the RNA genome in the host cell. 

At the 5 1 and 3' end the genome comprises regions that are not 
yet translated (NTR), with the NTR region at the 5» end com- 
prising a distinct secondary structure and allowing the binding 
of ribosomes, i.e. allowing the translation of the genome into 
the polyprotein. 

The complete nucleotide sequence of a cDNA of an infectious 
CVB3 variant with a distinct tropism towards the heart is de- 
scribed in Klump et al, (loc. cit*)- This infectious cDNA of 
CVB3 is available in the construct pCB3/T7 from Klump et al. or 
in the construct pcMV^CVB3 newly provided by the inventors. Up- 
stream of the 5' end, a promoter (prom) is located which allows 
transcription of the cDNA into the RNA genome. 

Exampl e 2: Purification of CVB3 particles 

Cell cultures having confidently grown cardio myocytes are in- 
fected with 1-5 infectious units (PFU) CVB3 . After some 
hours , the cytopathic effect can be recognized. 

After 6 - 12 hours , the cell culture supernatants as well as 
the cells are harvested. 
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The viruses are released from the cells by the usual 
freeze/melt lysis- This virus suspension is, first of all, pu- 
rified from cell debris by centrif ugation at 1,500 rpm. 

The virus-comprising supernatant is applied pnto 10 ml of a 
5 - 30 % saccharose gradient and ultracentrifuged. in that way, 
a separation of native virions (sedimentation coeffi- 
cient 160 S), CVB3-A particles (135 S) and proviruses (125 S) 
is reached. Proviruses are incompletely matured viruses which 
are present in large amounts in each preparation and are char- 
acterized by not yet performed cleavage of the VPO protein into 
VP 2 and VP 4 . 

A-particles arise from native virions by cleavage of virus pro- 
tein 4, a process naturally occurring in the infection * Then, 
they are not infectious any more, however, they can still be 
propagated in a cell. 

The infectious particles that by experience can be found in the 
first five fractions are analysed by Western-Blot-analysis for 
the presence of viral particles. 

For eliminating saccharose from the virus preparations, the 
relevant single fractions are dialyzed against PBS/20 mM MgCl 2 
for 24 hours at 4°C. 

The purified virus stocks are stored at -20 °C. Dilutions of 
these virus stocks are seeded on host cells in order to check 
the virus titer in a usual plague test. 
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In order to inactivate the CVB3 viruses, the virus stock is 
filled into a Petri dish and exposed to UV-C radiation for 
30 - 60 minutes. During this process, the nucleic acids of the 
viruses are damaged, but not the biologically active proteins. 

Exampl e 3: Generation of CVB3 -A particles 

In the fractions generated according to example 2, only small 
amounts of CVB3-A particles can be found, so that these can be 
produced from infectious CVB3 particles in the following two 
manners : 



A) native virions are heated at 51° C for 10 min and, thereby, 
change quantitatively into CVB3-A particles. 

Thus, a method is provided for generating any desired 
amount of these particles that are otherwise released only 
in limiting amounts by infected cells, 

B) The alternative is based on a column purification, in 
which recombinant CVB3 receptors are coupled to a matrix. 
The column is then loaded with active CVB3 particles which 
interact with the receptor and, in doing so, lose virus 
protein 4. By eluting the column the CVB3-A particles can 
be recovered. 

Example 4: Endosomolvtical activity 



It could be shown that the CVB3 reinforced lipofection is re- 
ceptor independent, so that no A-particles are generated during 
lipofection. A-particles are/ however, particles naturally 
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arising from receptor-dependent infection and show higher en- 
dosomolytical activity than native virions. Thus, the results 
that have been gained with lipof ection reinforced by A- 
particles are better than lipofection with native virions de- 
scribed by Kern et al. 

The explicit endosomolytical activity of CVB3 could be shown by 
counterbalancing CVB3 mediated reinforcement of the lipofection 
with Baf ilomycin, a specific inhibitor of the endosomal proton 
pump (Bowman et al., FNAS, volume 85, pages 7972-7976, 1988; 
Drose et al-, Biochemistry, volume 32, pages 3902-3906, 1993). 
The infection of cells with CVB3, however, cannot be inhibited 
by Baf ilomycin. 

Peptides from the capsid region of CVB3 which are endosomolyti- 
cally active are shown in the following table: 

Table 1: CVB3 peptides having endosomolytical activity, Hydro- 
philic acidic or basic amino acids are in bold. 



Peptide Sequence 


Capsid region 


SEQ ID 


No. 


1 


RWYNAGMGVGNLttlF 


VP 2 


SEQ ID 


No, 


2 


LPTMNTPGSCQFLTSDD 


VP3 


SEQ ID 


No. 


3 


KLTFMFCGSAMATG 


VP 3 


SEQ ID 


No. 


4 


LTFMFCGSAMATGK 


VP 3 


SEQ ID 


No. 


5 


KFLLAYSPPGAGAP 


VP 3 


SEQ ID 


No. 


6 


FLLAYSPPGAGAPTKKVD 


VP 3 


SEQ ID 


No. 


7 


I L T HQ IMYVlPP GGP VDKVD 


VP1 


SEQ ID 


No. 


8 


DKVDSYVWQTSTNPSVFW 


VP1 


SEQ ID 


No. 


9 


VYGINTLNNMGTLYARH 


VP1 


SEQ ID 


No. 


10 YGVWRDYLKDSEATAEDQ 


VP 2 
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The peptides may raise the problem that it is difficult to com- 
bine them with liposomes due to their amphipathic characteris- 
tics, since the liposomes will be destroyed thereby. This prob- 
lem can be solved by the fact that some additional acidic amino 
acids are synthetized N-terminally or C-teraiinally and that the 
synthetic peptide is then bound via a positively charged 
polylysine-bridge to the DNA to be transferred. This has the 
further advantage that Transf errin-coupled polylysine may be 
used so that an efficient binding to the Transf errin-receptor 
is possible (Wagner, loc. cit,)« 

Example 5: Replication incompete nt, genetically modified vims 
particles 

Starting point for the production of genetically modified, rep^ 
lication incompetent virus particles is a vector plasmid as 
shown in Fig. 2. This vector plasmid comprises downstream of a 
promoter a DNA-sequence encoding the RNA-genome shown in 
Fig. 1, however, with certain parts of the RNA-genome being ex- 
changed or modified e.g. by point mutations in such a way that 
the RNA-genome itself is not infectious any more. 

In Fig, 2, the RNA-genome shown in Fig. 1 is schematically di- 
vided into a first part I as well as a second part II. Parts I 
and II need not necessarily be schematically arranged in a row, 
they can also be present in any sequence and in multiple form. 

Part I represents the exchanged or modified sequence part, 
whereas part II represents the residual genome from Fig. 1* 
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The vector plasmids shown in Fig, 2 are then co-trans fected 
into host cells by means of helper constructs in order to cre- 
ate replication incompetent virus particles. The helper con- 
structs must complement exchanged or modified part 1 in order 
to make this co-trans feet ion successful. 

This can be done, on the one hand, by amplifying part I by 
means of specific PCR-primers from plasmid pCMV-CVB3 mentioned 
in example 1. These amplificates can be introduced into host 
cells by means of a viral vector, wherein, on the other hand, a 
helper cell can also be stably trans fected with these amplifi- 
cates. Thus, the helper cells serve as host cells in the trans- 
fection with vector plasmid and supply the missing or modified 
parts of the virus genomes in trans. 

It is preferred, however, if the helper constructs are also 
plasmids which are stably or transiently transfected into host 
cells in order to be then transcribed into RNA which, again, is 
translatable in order to create structural and non-structural 
proteins, for which the vector plasmid itself is not coding. 

To this end, it is required to clone e.g. into the pCR- 
script™-plasmid a promoter, e.g. the CMV-promoter, and an IRES 
(internal ribosomal entry site). Downstream of th^ promoter, 
the amplificates are inserted comprising parts I of CVB3. By 
means of IRES, the translation efficiency of the helper con- 
structs is increased, for example, the IRES from Emvc 
(Encyphalomyocarditis virus), the EMCV-IRES from CLONETECH may 
be used. 
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Thus, helper plasmids are generated which can be reinforced in 
bacteria and which can be transcribed into RNA which , again, 
can be translated in order to complement the translation prod- 
ucts of the vector plasmids such that replication incompetent 
virus particles are formed. 

To this end, the helper cells which are transiently or stably 
trans fected with the helper plasmid are trans fected with a 
suitable vector plasmid which is then complemented by the host 
cell In trans. 

In that way, replication incompetent virus particles are formed 
that can be used after suitable purification. 

A way that allows a higher variability is co-transforming host 
cells with the vector plasmid shown in Fig* 2 and the suitable, 
complementing helper plasmid shown in Fig. 3, whereby the rep- 
lication incompetent virus particles are formed. 

Example 6: CVB3 -reinforced lipof action 

Chinese-Hamster-Ovarian cells (CHO), rat myoblast' cells (H9C2), 
human cervix-carcinoma cells (HeLa), primary human fibroblasts 
as well as primary adult heart muscle cells of the pig were 
used as target cells. 

On the first day, 5 x 10 4 cells were seeded onto 24^holes- 
plates. On the second day, the following solutions were pre- 
pared 5 
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Solution A; 150 /il serum-free medium 

5 fxl Lipofectin (GIBCO/BEL) 
1 particle per cell CVB3 

or 100 ng-10 jug peptide solution, respectively 
Solution A is incubated at room temperature for 30 min. 

Solution B: 1.5 pg plasmid-DNA (e.g. pCMVLacZ) 

ad 150 pi serum-free medium 

Solutions A and B are mixed and incubated at room temperature 
for 15 min. 

Prior to adding the completed lipof action solution, the cells 
are washed once with serum-free medium. 

The medium is completely removed and 300 pi lipofection solu- 
tion is applied onto the 24-holes-plate. Thereafter, the cells 
are incubated at 5 % co 2 and 37«c for 5 hours. After that time, 
the lipofection solution is removed and replaced by cell cul- 
ture medium. 



The evaluation of the transfection is performed on the next day 
using an In-situ-Lac-Z-assayi 

Transfected plasmid pCMVLacZ is coding for the P-galactosidase 
which generates from the solution that first is colorless a 
blue, insoluble reaction product in the cells. The cells are 
thereby first fixated and then incubated with the coloring so- 
lution. The transfection efficiency is calculated from the num- 
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ber of dyed cells /total number of cells and is determined in 
the microscope. 

First results obtained in the laboratory o£ the inventors show 
that transf ection can be mediated by the particles according to 
example 2, 3 and 5 as well as by the peptides according to ex- 
ample 4, the efficiency of which is above the efficiency of 
adeno virus-mediated lipof ection. 



:i o o o «a o n o * o a* :i ? O.H 

UON :+4S 711 6666993 ON : KNOBBE 2001,10-17 14:23 8948 P . 2G 



24 

SEQUENCE LISTING 
<110>Eberhard-Karls-Universitaet Tuebingen 

<12 0>Use of Coxsackie virus for improving the transf ection of 
cells 

<130>5402P171 

<140> 
<141> 

<160>10 

<170>PatentIn Ver. 2.1 

<210>1 

<211>16 

<212>PRT 

<2l3>Coxsackie virus B 
<400>1 

Arg Val Val Tyr Asn Ala Gly Met Gly Val Gly Asn Leu Thr lie Phe 
1 5 10 15 

<210>2 

<211>17 

<212>PRT 

<213>Coxsackie virus B 
<400>2 

Leu Pro Thr Met Asn Thr Pro Gly Ser Cys Gin Phe Leu Thr Ser Asp 
15 10 15 
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Asp 

<210>3 

<211>14 

<212>PRT 

<213>Coxsackie virus 
<400>3 

Lys Leu Thr Phe Met Phe Cys Gly Ser Ala Met Ala Thr Gly 
15 10 

<210>4 

<211>X4 

<212>PRT 

<2l3>Coxsackie virus B 
<400>4 

Leu Thr Phe Met Phe Cys Gly Ser Ala Met Ala Thr Gly Lys 
1 5 10 

<210>5 

<211>14 

<212>PRT 

<213>Coxsackie virus B 
<4Q0>5 

Lys Phe Leu Leu Ala Tyr Ser Pro Pro Gly Ala Gly Ala Pro 
15 10 



<210>6 
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<211>18 
<212>PRT 

<213>Coxsackie virus B 
<400>6 

Phe Leu Leu Ala Tyr Ser Pro Pro Gly Ala Gly Ala Pro Thr Lys Arg 
1 5 10 is 

Val Asp 

<210>7 

<211>20 

<212>PRT 

<213>Coxsackie virus B 
<400>7 

lie Leu Thr His Gin lie Met Tyr Val Pro Pro Gly Gly Pro Val Pro 
15 10 15 

Asp Lys Val Asp 
20 

<210>8 

<211>18 

<212>PRT 

<213>Coxsackie virus B 
<400>8 

Asp Lys Val Asp Ser Tyr Val Trp Gin Thr Sex Thr Asn Pro Ser Val 
1 5 10 15 

Phe Trp 
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<210>9 

<211>17 

<212>PRT 

<213>Coxsackie virus B 
<400>9 

Val Tyr Gly lie Asn Thr Leu Asn Asn Met Gly Thr Leu Tyr Ala Arg 
1 5 10 15 

His 

<210>10 
<211>18 
<212>PRT 

<213>Coxsackie virus B 
<400>10 

Tyr Gly Val Trp Arg Asp Tyr Leu Lys Asp Ser Glu Ala Thr Ala Glu 
15 10 15 



Asp Gin 
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Claims 



1. Non-infectious particles or peptides derived from the Cox- 
sackie virus, preferably derived from CVB, more preferably 
derived from CVB 3 , which are suitable to act endosomolyti- 
cally within the scope of a transfection of cells. 

2. Non-infectious particles or peptides derived from the Cox- 
sackie virus, preferably derived from CVB, more preferably 
derived from CVB3 , which are suitable to enhance endocyto- 
sis within the scope of a transfection of cells. 

3. Particles of claim 1 or 2, selected from group: 

a) empty CV capsid particles, preferably CVB capsid 
particles; 



b) CV particles, preferably CVB-A particles, generated 
by cleaving off virus protein 4 ( VP4 ) , 

c) CV particles, preferably CVB provirus particles, in 
which the virus proteins 2 (VP2) and 4 ( VP4 ) are 
still fused; 

d) modified forms of particles from a), b) or c); and 

e) CV particles, preferably CVB particles, more pref- 
erably CVB3 particles, that are replication- 
incompetent by genetic modification. 
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4- A peptide of claim 1 or 2, preferably comprising less than 
30 amino acids and being selected from group: 

a) Peptides with the amino acid sequences SEQ id No. 1, 
SEQ ID No. 2, SEQ ID No, 3, SEQ ID No. 4, SEQ ID No.' 
5, SEQ ID No. 6, SEQ ID No. 7, SEQ ID No. 8, SEQ ID 
No. 9, SEQ ID No. 10 from the sequence listing; 

b) Peptides, in which in comparison with peptides from 
a) one or more of the amino acids are missing or ex- 
changed against another; and 

c) Peptides or polypeptides which comprise the amino 
acid sequence of one of the peptides from a) or b) . 

5. A method for generating a particle of claim 3, comprising 
the steps i 

Isolating native Coxsackie virus particles; 

Heating the isolated Coxsackie virus particles for 
5-20 mi n , preferably approximately 10 min to over 
45°C, preferably approximately to 51°C. 

6. A method for generating a particle of claim 3, comprising 
the steps : 



Providing a matrix of coupled Coxsackie virus recep- 
tor; 
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Xioading the matrix with native Coxsackie virus par- 
ticles? and 

Eluting the matrix. 

1 + A method for transfection of cells , preferably of cardiac 
myocytes , with a polyanion, preferably a therapeutic gene 
sequence, in which method at least one particle or peptide 
of any of claims 1 through 4 is used in order to enhance 
transfection. 

8. The method of claim 7, characterized in that prior to 
transfection a complex comprising said polyanion, peptide 
and cationic lipid, preferably D0TMA, is formed. 

9- A method for formulating complexes for the transfer of a 
polyanion, preferably a therapeutic gene sequence, into 
cells, preferably into cardiac myocytes, in which method 
the polyanion is incubated with at least one particle or 
peptide of one of claims 1 through 4. 

10- The method of claim 9, characterized in that the peptide 
is pre-incubated with a cationic lipid, preferably with 
DOTMA, prior to the incubation with said polyanion. 

11. The use of a particle or a peptide according to any of 
claims 1 through 4, for therapy, diagnostics or prophy- 
laxis of cardiovascular diseases, in particular of cardio- 
myopathies . 
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12 . The use of a particle or a peptide according to any of 
claims 1 through 4 as an agent for improving transf ection 
of cells , preferably cardiac myocytes, in particular for 
improving lipof ection in gene therapy* 

13* A replicable expression vector comprising a gene sequence 
encoding a peptide or a particle according to any of 
claims 1 through 4 in an expressible manner* 

14, A DNA isolate comprising a DNA sequence encoding a parti- 
cle or a peptide according to any of claims 1 through 4, 

15. A kit for formulating transf ectable complexes , in particu- 
lar for gene therapy , comprising at least one particle or 
one peptide according to any of claims 1 through 4* 

16- A therapeutic composition/ comprising at least one parti- 
cle or a peptide according to any of claims 1 through 4. 

17. A vector plasmid, comprising at least one DNA sequence 
encoding a genetically modified CV genome/ preferably a 
CVB genome, more preferably a CVB3 genome f in which parts 
of the coding sequence are exchanged or modified, so that 
the virus genome is not infectious, and comprising a pro- 
moter upstream of said DNA sequence. 

18* A helper construct for complementing the parts of the cod- 
ing sequence of said virus genome that have been modified 
or exchanged in tfcie vector plasmid of claim 17, 
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19, 



21. 



The helper construct of claim 18, characterized in that it 
is a helper plasmid encoding at least one of said ex- 
changed or modified parts in a translatable manner. 

20. The helper construct of claim 18, characterized in that it 
is a viral vector encoding at least one of said exchanged 
or modified parts in a translatable manner. 



The helper construct of claim 18, characterized in that it 
is a helper cell that is stably transfected with helper 
DNA encoding at least one of said exchanged or modified 
parts . 

22. a method for generating said particle of claim 3e) that is 
replication-incompetent by genetic modification, compris- 
ing the steps: 

Trans fecting host cells with the vector plasmid of 
claim 17; and 

Complementing said exchanged or modified parts in 
the host cell by the helper construct according to 
any of claims 18 through 20. 

23. The method of claim 22, characterized in that said host 
cell is the helper cell of claim 21. 
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